SUMMARY
The main result of this note is that no wakefield mitigation is required for the Radiation Stopper (RST1) in the LCLS injector.
The RST1 geometry is not symmetric in the vertical direction, and we derive a slight modification to the diffraction model wake for a cylindrically symmetric (2D) cavity that can be used for this problem. Performing a full 3D MAFIA calculation for the nominal 1 mm (rms) long bunch, we show that the modified diffraction model well describes the wakefields generated in RST1. The results imply an on-axis emittance growth of 0.0075%, well below the 0.5% tolerance threshold [1] . To reach the 0.5% threshold the beam would need to be mis-steered by a large amount-7 mm-from the axis. One reason that the effect is small is that the beta functions at the RST1 are small.
GEOMETRY OF RST1
Two (collinear) beam pipes of radius 0.435" (11 mm), whose axis define the z axis, impinge on the walls of a cylindrical metal tank, with axis oriented vertically (the y direction). The tank has diameter 5.76" (146 mm) and height 5.76" (146 mm). Inside the tank (and aligned with its axis) is the radiation stopper itself, a solid stainless steel cylinder of 4" (102 mm) diameter. The stopper is nominally located above the beam pipe axis (in the +y direction) with the bottom surface approximately even with the top surface of the beam pipe. The layout is shown in Fig. 1 .
We are interested in the strength of the transverse wakefields excited by the bunch in RST1. We use MAFIA to perform 3D short-range wake calculations [2] . The MAFIA model closely follows the geometry of Fig. 1 , with the stopper in its nominal position. In Appendix A we develop a modification of the diffraction model of cavity wakes [3] that allows us to obtain an analytical estimate that we compare with the MAFIA result. 
with Z 0 = 377 Ω and c the speed of light. The rms of the transverse wake (W ⊥ ) rms = 0.77 W ⊥ .
We use MAFIA to compute the short-range wake for the actual (3D) geometry of the RST1 tank plus beam pipes [4] , for (nominal) bunch length, σ z = 0.95 mm. We find that the shape of the wake (not shown) agrees well with that of the diffraction model, with an When including the stopper we are left in y with an asymmetric cavity, which means that the wake is non-zero even on the beam pipe axis. Since the asymmetric cavity comprises a series of deep cavities, the shape of the wake remains the same (i.e. as the diffraction model wake); only the scale factor changes. In Appendix A we show how to approximately find the scale factor for the real, asymmetric RST1 geometry using the 2D diffraction model. The average of our result is
where the symbolW y is used to indicate an on-axis wake (with units 0.077 V/pC], ∆ / = 0.007%, which is much lower than the 0.5% limit of our budget. In the x direction the cavity is symmetric, and the symmetric diffraction model can be applied.
The average of the wake is W x = 140 V/pC/m. To reach our 0.5% emittance growth limit the beam would need to be mis-steered by 7 mm from the axis, and about the same is true in y. Therefore, wakefields in the RST1 stopper are not a problem for the LCLS.
APPENDIX A: DIFFRACTION MODEL APPLIED TO THE RST1 STOPPER
We here demonstrate that the RST1 wakes are diffraction wakes, and that they can be approximated using slightly modified versions of known formulae for cylindrically symmetric structures. We are primarily interested in the strength of the transverse wakefields excited in RST1. However, to conclusively demonstrate that the diffraction model of wakefields applies we begin by investigating the longitudinal wakes. All the formulae for the symmetric case can be found in Ref. [3] .
Longitudinal Wake
Consider a cylindrically symmetric cavity with beam pipes. When a short bunch σ z a (with σ z the rms bunch length, a the beam pipe radius) traverses the cavity, wakefields due to diffraction radiation are generated at the transitions between the beam pipe and the cavity walls. If, in addition, the cavity radius is sufficiently large (b > ∼ a + √ 2gσ z ; b radius and g length of cavity), then the diffraction model of cavity wakes applies. For a Gaussian bunch the longitudinal wakefield is given by [3] what was obtained before without the absorber (the lower-half contribution) and twice the effect for a cavity with gap g p = 22 mm (the upper-half contribution). The wake becomes
In Fig. 4 we plot the longitudinal wake for RST1 as obtained by MAFIA, and compare with the analytical result; we see that the agreement is good. The weighted average W z = −5.9 V/pC for the MAFIA result and −5.9 V/pC for the analytical formula. 
Transverse Wake
For a Gaussian bunch in a cylindrically symmetric structure the transverse wake, according to the diffraction model, is given by [3] For the real RST1 structure in the vertical (y) direction, since the geometry is asymmetrical, there is a wake even on the beam pipe axis. For a structure with a cavity asymmetrically placed (on one side of the beam axis only), the wake's transverse dependence must be a −2 , with a the distance from the beam axis to the edge of the cavity. To find the coefficient, note that the transverse dependence-for the symmetric case-of W y y is y/a 3 , which can be expanded in Taylor series as
This suggests that, for e.g. a cavity in only the +y direction, y/a 3 in W y y using Eq. A4
should be replaced by 1/(4a 2 ). given by MAFIA and the analytical model in Fig. 3 and note good agreement. The average value for the MAFIA result is −0.10 V/pC (a downward kick) and the analytical model gives −0.095 V/pC. The excellent agreement may be somewhat accidental: remember that for the symmetric cavity the agreement between MAFIA and the analytical model (in the transverse direction) was only to 25%. Finally, from an additional MAFIA calculation we find that by moving the beam 1 mm upward, the transverse wake can approximately be cancelled, which is also consistent with the diffraction model.
